In a simple two-compartment system, the behaviour of a flip-flop can be obtained by reversible reduction of selective membrane permeability. The behaviour corresponds to a triggerable reversal of "differentiation" of the two-cellular system. The model is identical with the simplest Rashevsky-Turing system, that is a two-compartment system showing spontaneous differentiation if the selective permeability for one constituent is raised above a critical value. The identity is not accidental and can be interpreted as an example of Rose n's principle of function change. The phenomenon may be used for an empirical test of the Rashevsky-Turing theory of morphogenesis.
In a simple two-compartment system, the behaviour of a flip-flop can be obtained by reversible reduction of selective membrane permeability. The behaviour corresponds to a triggerable reversal of "differentiation" of the two-cellular system. The model is identical with the simplest Rashevsky-Turing system, that is a two-compartment system showing spontaneous differentiation if the selective permeability for one constituent is raised above a critical value. The identity is not accidental and can be interpreted as an example of Rose n's principle of function change. The phenomenon may be used for an empirical test of the Rashevsky-Turing theory of morphogenesis.
In a preceding communication 1 it has been demonstrated that in a symmetrically-built, homogeneous reaction system in which instability of the symmetrical steady state arises beyond a threshold value of a certain parameter, flip-flop behaviour can be elicited by a short-lived reduction of this parameter beyond the instability threshold, supposed that the meanwhile occurring stable steady state is a focal point. This latter condition could be fulfilled by incorporating delayed self-inhibition into each half-system. Now the presupposed symmetry-breaking behaviour, namely evocation of instability of the symmetrical steady state under a parametric change, is long known as the essential behavioral characteristic of Rashevsky-Turing (RT) systems. RASHEVSKY 2 was the first to observe this sort of bifurcation behaviour, how it can also be named 3 , in an abstract model cell. Later on, TURING 4 based his theory of morphogenesis on the same, independently detected principle.
Requests for reprints should be sent to Dr. 0. E. RÖSSLER, Lehrstuhl für Theoretische Chemie der Universität Tübin-gen, D-7400 Tübingen, W. Germany.
The general structure of any RT system can be derived with the aid of a simple rule determining the occurrence of "evocation behaviour" (ref. 4) of the described sort in any symmetrically-built reaction system possessing one main variable on either side 5 . The rule says that "evocation" occurs whenever, in the symmetrical state, the numerical value of cross-inhibition between the two main variables exceeds the numerical value of self-inhibition of either main variable, i. e.
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where the prime refers to the contralateral side.
In systems made up of two identical compartments coupled by a symmetrically permeable membrane, as considered by TURING, evocation behaviour can only occur if (1) either side contains at least two constituents and if (2) the permeability coefficients for these substances are different 15 . This follows immediately from the above stated constraint which says that there has to be some self-activation on each side which is not mediated to the other side.
The derived, double-component structure implies the existence of a certain delay in the inner dv-namics of each half-system. Hence both characteristics of the formerly described flip-flop 1 (evocability, and a delay on either side) are automatically fulfilled in RT systems.
In the following it will be shown that a simple RT system does act as a flip-flop in a wide range of parametric values.
The Model
The model is displayed in Fig. 1 . The two substances A are self-inhibiting via B and, to a lesser extent, cross-inhibiting each other via the symmetrical coupling between the two substances B. The excess of self-inhibition over oross-inhibition is com- pensated by a path of self-activation, namely autocatalysis of A, which is not mediated to the other side. This system is identical with the simplest RT system indicated by TURING 4 , with the only difference that the (smaller) coupling-coefficient between the two substances A admitted by him has been put equal to zero for the sake of simplicity. The constants k± , ..., k5 are effective rate constants, comprising the effects of constant (pooled) precursors and reaction partners. The scheme is drawn in the non-explicit convention, i. e. catalytic effects have not been resolved into elementary reactions.
Since our main interest is the consideration of steady states, the error introduced by the assumption of a Michaelis-Menten -type kinetics is negligible 5 .
The system of Fig. 1 can be described, under the usual assumptions (isothermy, homogeneity in either compartment, approximate identity of activities and concentrations, etc.), by the following set of simultaneous ordinary differential equations: Under the special assumption that K, the effective Michaelis constant, is much smaller in its numerical value than the rest of the constants, the behaviour of system (1) will, over the largest portion of positive state space, i. e. whenever a, b K, be approximated by that of the linear system
The symmetrical steady state whose behaviour is responsible for the characteristic mode of action of the system is located in the region described by Eq. (2).
Necessary and Sufficient Conditions for Rashevsky-Turing Behaviour
RT behaviour implies that the symmetrical steady state of the system can be rendered unstable by a parametric change, whereby two asymmetrical, mirror-inverted stable steady states flanking the unstable one do appear. In more abstraot terms, this amounts to "soft" bifurcation. Soft bifurcation is a sort of bifurcation (i. e. branching of steady states in dependence on a parametric change, in the simplest case 3 ) where continuity between stable steady states over the bifurcation threshold is preserved 6 . The converse statement holds true also: whenever the symmetrical state of a distributed dynamical system undergoes soft bifurcation, RT behaviour takes place.
It will now be shown explicitly under what conditions the single symmetrical state steady of the linear system (2) undergoes bifurcation from the behaviour of a stable steady state (node or focus) to that of an unstable steady state (saddle-point).
The fact that in the original system (1), this transition is of the soft type, i. e. that two more, stable steady states appear, will hereby be taken for granted. Likewise, the absence of limit cycles will not be proved.
The eigenvalues of Eq. (2) are most readily obtained by introducing the sum and difference
leading to a transformed linear system whose matrix is decomposable. In vector notation:
where k{ = k1 -k3 . The eigenvalues of this system are identical with those of Eq. (2). It turns out that two eigenvalues are identical with those of the two uncoupled partial systems:
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The two other ones, affecting solely the difference variables, are
The conditions for the stability of the two former eigenvalues, determining the symmetrical steady state in the non-coupled situation, are ki <C k4 , and k2 k3 ]> k{ k4 .
In the latter set, a positive real part (positive root) appears for d>dh:=\( k^-ki).
dh ist the bifurcation threshold of the system under a change of d. The newly arising, positive root does affect the symmetry of the system, since it determines autocatalytic growth of the difference variables. Hence d\, is the threshold for the evocation of RT behaviour. More than a single positive real part can never appear since, following (4), always < k± + 2 d.
Sufficient Conditions for Flip-flop Behaviour
Flip-flop behaviour can be elicited on the basis of a RT system whenever the motion of the nonevocated system, starting at the position of one of the asymmetrically-placed stable steady states of the evocated system as an initial condition, cuts the separatrix between the two basins of the evocated system at least once 7 . This is because a start from the other side of the separatrix, as a new initial condition following evocation, leads to the other stable steady state of the evocated system.
A sufficient condition, if d is keyed down to zero, is Ak2k,>{k^+k4y.
This is the condition for the existence of complex conjugate roots in the uncoupled, stable situation. In this case, the separatrix of the evocated system, going through this symmetrical state, will be cut for an infinite number of times whenever an arbitrary asymmetrical position is chosen as an initial condition of the non-evocated system. This means that an infinite number of different, appropriate pulse lengths exists, ideal-shaped keying impluses presupposed.
In the presence of condition (4), condition (6) becomes k2 k3 -V kA > ( 4 2 &1 j (6 a) rather than k2k3-ki k4> 0.
Hence condition (6) is only slightly more restrictive than the original condition, (4), meaning that this RT system is a potential flip-flop system for the largest part of allowed parametric values. It is possible to derive additional sufficient conditions, relying on overshoot behavior of the uncoupled subsystems, and other ones applying to the condition of incomplete negative keying. It is further possible to generalize the obtained results to arbitrary RT systems, since they all do, in the symmetrical position, possess a Jacobian very similar to the matrix of Eq. (2).
Simulation Results
For K = 0.01, and the constants kt, ..., k5 given the values 3, 6, 6, 7, and 0.7, respectively, the curves of Figs. 2 and 3 were obtained on a "Dornier 240" analogue computer, d is switched between 0 and 3 at the marked instants. Much larger apparent "overshoots" (for instance 70 relative per cent) are easily obtained, by increasing k2 for example. The value of K (on which the "linearity" of the system depends) is quite uncritical, for instance 0.5, instead of 0.01. The only triggering parameter which could be identified so far is the selective permeability for B (that is, d). Other evocation parameters 4 , like k5, seem to possess no comparable effect, d need not be keyed-down to zero, but the reduction must be marked below the instability threshold. If a non-zero permeability coefficient is introduced for A, it may not exceed a certain portion of d. It is finally mentioned that the exageneous changes of d need not be very impulselike: an increment exceeding that of the response curve is sufficient.
Discussion
In the preceding communication a symmetrically-built, homogeneous chemical flip-flop was reported. In this presentation, an especially simple, two-cellular flip-flop is described. It is identical with the simplest Rashevsky-Turing system.
RT systems are well-known as a general dynamical model (or "metaphor"; ref. 7) for a qualitative understanding of the occurrence of differentiation in multicellular systems based on identical, individually stable cells.
It certainly is unusual that a system designed as a prototype model for one sort of performance (i. e., differentiation) does, at the same time, act as if it were devised as a prototype model for another, almost contrary performance (i. e., reversal of differentiation) . This reflects a general property of real systems, however. They always have hidden functional capabilities showing up under unusual conditions. This is the so-called principle of function change, which plays a role in the theory of biological evolution 8 .
It is still an open question whether the RT theory is a model rather than a mere metaphor of morphogenesis. Developmental stages in which both genetically and plasmatically identical cells are spontaneously differentiating are known from biological experiments 9 . On the other hand, an alternative, abstract theory of morphogenesis exists 10 . Unlike the RT theory, it ascribes the appearance of novel stable spatial patterns to events of "hard" bifurcation 6 .
The described result about the behaviour of RT systems suggests a new sort of experiment in order to test the validity of the RT theory as a biological model: to investigate the morphogenetical consequences of experimentally induced, reversible changes of selective membrane permeability.
Another consequence of our finding may be, to look for similiar phenomena of differentiation reversal in artificial chemical reaction systems showing chemical waves and standing concentration patterns, supposed that the diffusion coefficients can be manipulated. It seems possible to run the Belousov-Zhabotinsky reaction n ' 12 in a special medium in which a sol-gel transition can be obtained by small temperature changes.
Finally, the biological problem of metaplasia and differentiation reversal under pathological conditions can be mentioned. The set of hypothetical con-ditions which are thought to determine a (not yet identified) form of cancer named epigenetial cancer 13 ' 14 will be enlarged by the described mechanism as an additional candidate.
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Nachdem wir kürzlich 10 die größte bisher bekannte 29 Si-chemische Verschiebung beim SiJ4 gefunden hatten, fanden wir, daß die größte bisher feldabwärts gemessenen 29 Si-chemischen Verschiebungen bei den Trimethylsilylestern starker anorganischer und organischer Säuren auftreten. Es konnte festgestellt werden, daß (3 29 gi in der Reihe R4Si04 -R3PO4 -R0SO4 -RCIO4, wobei R = (CH3)3Si ist, mit abnehmender Zahl der Gruppe R nadi schwä-cherem Feld verschoben wird. Das legte die Vorstellung nahe, daß es ganz allgemein einen Zusammenhang zwischen der 29 Si-chemischen Versdiiebung und der Säurestärke -ausgedrückt durch den pKWert -der dem Ester zugrundeliegenden Säure geben könnte. Wir haben daher eine Reihe von bekannten und bisher unbekannten Estern hergestellt, um die genannte Relation untersuchen zu können. 
Ergebnisse und Diskussion
Die von uns gemessenen und die der Literatur 1 ' 2 ' 6 entnommenen 29 Si-NMR-Daten finden sich in Tab. I und grafisch dargestellt in Abb. 1. In Tab. I sind außerdem die aus der grafischen Darstellung abgeschätzten pK-Werte enthalten. Nicht immer sind die der Literatur entnehmbaren pK-Werte [11] [12] [13] auf die Ionenstärke 0 extrapoliert. Das gilt insbesondere für die pK-Werte der organischen Säu-ren 12j 13 . Die Angaben über die pK-Werte der starken anorganischen Säuren zeigen eine große Schwankungsbreite je nach verwendeter Meßmethode oder Hypothese. So wird beispielsweise der pK-Wert der Salzsäure auf Ionenstärke 0 extrapoliert mit Werten 11 zwischen 0,98 bis -7,0 bei 25 °C angegeben.
Daher wurde die durch die relativ gesicherten pK-Werte der schwachen bis mittelstarken Säuren und die zugehörigen ^«g;-Werte definierte Gerade bis zum Schnitt mit den durch die <5"gj-Daten der
